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ABSTRACT

The occurrence and rate of groundwater movement depend on aquifer
parameters such as storativity and transmissivity. Tectonic movements and
glacial drifts can generate enough stresses to the bedrock that can change
principal stresses thus influencing those aquifer parameters. The scopes of this
research were to 1) study the variations in hydraulic conductivity of the
sandstone aquifers due to cyclic loading and unloading of glaciers, 11) compare
the hydraulic conductivity of the bedrock aquifers under glaciated and
unglaciated regions, and 111) correlate the aquifer parameters with hydraulic
conductivity of the aquifer. It was hypothesized that glaciated regions would
have higher hydraulic conductivity than unglaciated regions and thus would
correlate with higher aquifer yield. To test this hypothesis, data were collected
from 14 counties in northeastern Ohio that consist of well location, well
construction details, well production test, and rudimentary lithological
descriptions. These results suggested that glacial loading and unloading had
created new fractures and reactivated the old fractures in the bedrock aquifers
more so for glaciated regions than those 1n unglaciated regions. Because of
that, the glaciated sandstone aquifers had a higher yield than the unglaciated
sandstone aquifers. Furthermore, the sandstone aquifers in the northern
counties had generally higher mean hydraulic conductivity than those in the
southern counties. The frequency distribution curves of hydraulic conductivity
of the aquifer in the glaciated regions were significantly tighter and shifted
right compared to the unglaciated regions. Aquifer thickness and total well
depth displayed a stronger correlation with the hydraulic conductivity. Such
findings are important to anyone interested in withdrawing a high volume of
groundwater regularly. These findings suggest that the cluster of private
residential wells could provide a larger and better picture of stress history of a

region.
INTRODUCTION

Predicting the spatial distribution of hydraulic properties in heterogeneous
sedimentary bedrock, especially when fractured, remains a challenge (Long,
1996). Tectonic forces, unloading, and weathering can influence the porosity
and permeability of aquifer thereby changing aquifer parameters such as
hydraulic conductivity and storativity (Lachassagne et al., 2011; Maharjan
and Eckstein, 2013). Although multiple glacial events were known to exist in
the region, the impact of early glaciers was yet difficult to uncover because
of deeply weathered glacial deposits or overlapped by the recent glacial
deposits (Hansen, 2020). Gramiger et al.’s (2017) model showed the
mechanical stress generated by glacial loading and unloading produce new
fractures in bedrock that 1s proportionate to the thickness of the ice.

METHODS

We collected data for more than 26,000 residential water wells tapped only
into sandstone aquifers within 14 counties from the Division of Soil and
Water Resources of the Ohio Department of Natural Resources (ODNR).
The production test of residential water wells consists of static water level,
pumping rate, pumping time duration, and drawdown at the end of pumping.
These data were used to calculate hydraulic conductivities of sandstone
aquifers at different depths using (Cooper and Jacob, 1946) approximation to
(Theis, 1935) method.
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Figure 1. General geology and glacial drift thickness maps
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WELL LOG AND DRILLING REPORT

Figure 2. General stratigraphy
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25

) ;;Jéffe,rgohf

50

75

100

Km

Maximum Glacial Extent [___] Study Area || County Boundary

Figure 3. Well distribution
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[ WELL LOCATION CONSTRUCTION DETAILS ]
Drilling Method: _MUD ROTARY
County WAYNE Township CONGRESS BOREHOLE/CASING (Measured from ground surface)
Borehole Diameter 8.5 inches Depth 101 ft. -
ANDY HERSHBERGER ! {Ca::in Di 5 90 i ss _0.265 j £y =
_ g Diameter. Length ft. Thickness in. n=1235
Owner/Builder Borehole Diameter inches Depth # 3+ 1
10985 CONGRESS RD {Casing Diameter Length ft. Thickness . 200 - mean= -5.2
Address of Well Location Casing Height Above Ground 1 ft. median=-5.18
City WEST SALEM Zip Code +4 44287 Tvoe {1 PVC 150 = st dev=0.70
Permit No. NONE Sedtion;__ 20 andor LotNa. PE{p skewness=-0.12
Use of Well_AGRICG/IRRIG Joims{1 Solvent 100 —
Coordinates of Well (Use only one of the below coordinate systems) 2
State Plane Coordinates SCREEN 50 —
N X - t Diameter___5__in. Slot Size____ 005 in. Screen Length___ 10 #
sO v + it Type. MAGHINE SLOTTED Material PVC 0 ;
Latitude, Longitude Coordinates Set Between 90 fi. and 100 .
Latitude: _40.9325 Longitude: 82.07671 GRAVEL PACK (Filter Pack) VoL
Elevation of Well in feet: 1210 W _ 5 Material! Quartz #4 Used 350 pounds 7
Datum Plane: [] NAD27 NAD83  Elevation Source_ MAP-USGS 1:2400 | Method of Ir y _Poured (gravity) n=1637
Source of Coordinates: GPS Depth: Placed From: 86 ft. To: 100 ft. mean= -5.31
Well location written description: GROUT Vol/WL. 150 — 3 %
Material_Bentonite/polymer slurry Used 140 gallons / 350 pounds median=-5.34
Method of Installation ~ Pumped w/Tremie pipe st dev=0.79
Depth: Placed From: o) f. Ta: 86 ﬂ 100 — skewness=0.22
DRILLING LOG* ]
Comments on water quality/quantity and well construction: FORMATIONS INCLUDE DEPTH(S) AT WHICH WATER IS ENCOUNTERED. 50 —
Colo Textul Formation From To
BROWN GRAVELLY CLAY 0 14 0 |
GRAY GRAVELLY CLAY 14 46
BLAGK SHALEY GRAVEL 46 56
GRAY GRAVELLY CLAY 56 89 150 —
GRAY BROKEN SHALE AND CLAY 89 95 n=1094
GRAY HARD SANDSTONE 95 101 mean= -5.39
100 —| median=-5.50
— st dev=1.34
WELL TES
Pre-Pumping Static Level 70 fi Date 12/28/2006 Skewngas=0.18
Measured from _GROUND LEVEL 50 —|
Pumping test method AIR
Test Rate 15 gpm Duration of Test 1 hrs.
Feet of Drawdown 8 . Sustainable Yield 15 gpm| 0
*(Attach a copy of the pumping test record, per section 1521.05, ORG)
Is Copy Attached? [ Yes XI No Flowing Well? [ Yes Xl No
[ PUMP/PITLESS 100 7
Type of pump Gapacity gpm sy
Pump set at fi. Pitless Type mean= -5.59
Pump installed by OWNER & median=-5.64
Thereby cerlily the mlormation given is aceurale and correct 1o he bestol my knowledge. 5 st dev=1.36
Drilling Firm HARDMAN DRILLING =2 507 =
Address 639 CR 1302 =3 skewness=-0.01
City, State, Zip ASHLAND OH 44805 i
Signed JEFF HARDMAN Date__1/20/2007
(Filed Electrorically ) Aquifer Type (Formation producing the most water.) SANDSTONE
ODH Registration Number 0117ODH Date of Well Completion 12/28/2006 Total Depth of Well 101 ft. 0+

Gompletion of this form is required by section 1521.05, Ohio Revised Code - file within 30 days after completion of drilling -0 -8
Distribute copies of this record to Customer, and Local Health Deptartment
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Figure 4. A sample well log and drilling report
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Figure 5. Frequency distribution curves for each county

Glaciated

m

200
-5.39
100

[o2]
=]

&
&
A
&
o
Frequency
73
o

N
o

250

County

L T

S50 ] mean=-5.70
) median=-5.89
stdev=1.29
skewness= 0.38

4017 n=501

60+

100

50 201

J | ed =-5.50
sldev 1. 34
eeeeeee
) »\ »\ »\ »\ »\ T j j j ] 1 094
Unglaciated Region 4
200 - 050 -
edian=-6.
stdev
s
T T T T

Unglaciated

T T T T
-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 -10 9
Hydraulic conductivity m/s (log transformed)

Figure 6. Frequency distribution curves for glaciated vs
unglaciated regions
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Figure 7. Frequency distribution curves for Holmes
County alone
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Figure 8. Spatial distribution of hydraulic conductivity

CONCLUSIONS

Glaciated aquifers have more wells per unit area than the unglaciated
aquifers

Aquifers in the glaciated & unglaciated area responded differently to
glaciations

The mean hydraulic conductivity of glaciated area is higher than
unglaciated area

Aquifer yield 1s higher for glaciated regions than the unglaciated regions
Glacial loading and unloading created new fractures and reactivated the old
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